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EPIDERMAL NUCLEASES 
ll. The Multiplicity of Ribonucleases in Guinea-Pig Epidermis 
SUSANNE W. MELBYE, PH .D.* AND iRWIN M. FREEDBERG , M.D. 
Department of Dermatology, Harvard Medical School, and the Thorndike Research Laboratories of the Harvard 
Medical School at the Beth Israel Hospital , Boston , Massachusetts. U. S . A. 
Ribonudease activity has been extracted from adult guinea-pig epidermis by sequential 
homogenization in dilute sodium acetate and sulfuric acid. The extracts were subjected to 
ammonium sulfate fractionation and to affinity and ion exchange chromatography. Three 
ribonucleases (l, II, Ill) were separated from the sodium acetate extract and 6 (A, B~> B2 , Ba, 
C, Dl were isolated from the sulfuric acid extract. The degree of purification varies from 65-
fold to 8, 700-fold and the apparent molecular weights of the active forms of 8 of the 9 
ribonucleases range from 10,000 to 36. 500. No phosphodiesterase activity is present in any of 
the 9 fractions. but there is alkaline phosphatase activity in one (1) and deoxyribonuclease 
activity in a second CB:1). 
Two of the ribonucleases have acid pH optima (A,. B.1). while the others are most active 
between pHs 6.8 and 7.8. The activity of4 of the fractions is sensitive to added EDTA (ill, A, 
B2. B,,), but no stimulatory metal ions were found . Low concentrations of the polyamine 
spermidine enhanced the activity of 3 fractions (ill, C, D). 
Yeast ribonucleic acid is degraded exonucleolytically by 2 fractions (l, A) and endonucleo-
lytically by the remaining 7. In experiments with homopolyribonucleotide substrates, poly 
U was generally the preferred substrate. Substantial hydrolysis of poly A occurred with 2 
fractions CA. B,,) and slight hydrolysis of poly G with 2 other fractions (B~, C). 
We have previously described the potential bio-
logic and pathophysiologic significance of the nu-
cleases of mammalian epidermis and have de-
tailed the purification and properties of the major 
soluble ribonuclease of adult guinea-pig epidermis 
[1). During our initial studies it became apparent 
that there were a number of other enzymes pres-
ent in epidermis which were capable of degrading 
ribonucleic acids. In this report we present the 
details of the purification of 8 additional mamma-
lian epidermal nucleases and describe their enzy-
matic properties. 
MATERIALS AND METHODS 
14C-Labeled RNA was prepared from Ehrlich ascites 
tumor cells as described previously fl]. 14C-Labeled 
double-stranded DNA from HeLa cells 0 .3 x 10• cpm/ 
mg, a gift from Dr. Clyde Crumpacker) was heat-dena-
tured (lOO•c. 10 minl immediately before use. "H-J.a-
beled polyribonucleotides (polyadenylic acid, polycyti-
dylic acid , and polyuridylic acidl were purchased from 
Schwarz-Mann Radiochemicals and used without fur-
ther purfication. Unlabeled synthetic polyribonucleo-
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tides were obtained from Miles Laboratories and were 
also used without further purification. Crude yeast 
RNA was purified by ethanol precipitation and dialysis. 
Ultragel AcA54 was a gift. from LKB Products. Spermi-
dine-3HCI was a product of Calbiochem. All other ma-
terials were obtained from previously described sources 
Ill. 
Enzyme Puri{u:ation 
The procedure used for enzymatic extraction and 
subsequent purification is outlined in Figure 1. All 
steps of the purification were carried out at 4°C unless 
otherwise noted. Plastic gloves were worn throughout 
the purification procedure to avoid introduction of hu-
man epidermal surface ribonucleases and to minimize 
the chance of bacterial contamination. Buffers and 
glassware were autoclaved before use. 
Epilated epidermis was obtained from adult guinea 
pigs and homogenized in 20 mM sodium acetate, pH 5.3, 
as described previously fl ). The supernatant solution 
was removed and the pellet was stored overnight before 
homogenization (Potter-Eivehjem) in 125 mM sulfuric 
acid. The acid homogenate was centrifuged (12,000 
rpm. 10 min) and the resulting supernatant solution 
was immediately dialyzed against several changes 
0.000 ml each) of 20 mM sodium acetate, pH 5.3. The 
supernatant solutions from both the sodium acetate and 
the sulfuric acid homogenizations were fractionated 
with ammonium sulfate as previously described [1). As 
outlined in Figure 1. nuclease activity was found in the 
20-50%: ammonium sulfate pellet of the sodium acetate 
extract and in the 50% ammonium sulfate supernatant 
fraction of the sulfuric acid extract. These two fractions 
were purified further. 
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FIG. 1. Flow diagram for the fractionatiOn of gwnea-p1g ep1dermal ribonucleases. NaAc = 20 mM sodium 
acetate, pH 5.2; H2S04 = 125 mM sulfuric acid; HAc/NaCl = 20 mM acetic acid containing 750 mM NaCl; phosphate 
= 20 mM sodium phosphate. pH 7.15. 
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FIG. 2. CM-Sephadex chromatography of guinea-pig 
epidermal ribonucleases. Samples were applied in 20 
mM sodium phosphate (pH 7.15) and eluted with a NaCl 
gradient. A : NaCl gradient. B: Sodium acetate extract 
elution proflle. C: Sulfuric acid extract elution profile. 
The proflles of B and C have been normalized according 
to the NaCl gradient. --- , Absorbance;--, ribonucle-
ase activity. 
The sodium acetate-solubilized fraction was chro-
matographed on agarose 5'(4-aminophenylphosphoryll 
uridine 2'(3')-phosphate (APUP) and subsequently on 
Sephadex C-50 as we have described previously [1]. 
Three fractions of ribonucleolytic activity were re-
covered from the ion exchange resin and these have 
been labeled I, II, and III (Fig. 2). 
The sulfuric acid sample, after ammonium sulfate 
fractionation and extensive dialysis, did not bind to the 
affmity resin (APUP). It was therefore chromato-
graphed directly on an 11 x 1.5 em column of Sephadex 
C-50 which was eluted with a 200-ml sodium chloride 
gradient (0- 1.0 Ml. Four fractions containing ribonu-
cleolytic activity were recovered and labeled A, B, C, 
and D (Fig. 2). Fraction B, which displayed both acid 
and alkaline ribonuclease activity, was further purified 
on an 8.5 x 0.9 em column containing Whatman P-11 
phosphocellulose resin equilibrated with 330 mM am-
monium formate, pH 5.7. The fraction was adsorbed at 
25 ml/hr, washed with equilibrating buffer , and eluted 
with a 160-ml linear ammonium formate gradient (330 
mM, pH 5.7 to 1000 mM, pH 8.0). The three fractions 
with RNA-hydrolyzing activity (Fig. 3) were labeled B,, 
B2, and B:1• 
Enzymatic A ssays 
Ribonuclease activity was routinely monitored by 
measurement of the release of acid-soluble radioactiv-
ity from high-molecular-weight [14C)RNA [1). During 
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purification, incubations were carried out at pH 8.1 
('I'ris- HCI) and at either pH 5.2 (acetate) or at pH 5.6 
(citrate-phosphate). Certain samples were also assayed 
by measuring the release of 260 nm absorbing acid-
soluble material from unlabeled yeast RNA [ 1]. 
Assays for phosphodiesterase activity f2) were per-
formed with di-p-nitrophenylphosphate as substrate at 
pH 8.1 (Tris-HCl, 50 mM) and at the pH of optimal 
ribonucleolytic activity for each fraction. Assays for 
phosphatase activity [3) were performed with p-nitro-
phenylphosphate as substrate in at least 2 buffers near 
t he pH optimum of each ribonuclease fraction. 
Protein Determinations 
Protein was determined by the procedure of Lowry et 
al [4) against a bovine serum albumin standard with or 
without prior protein precipitation with 10% trichloroa-
cetic acid. Occasional protein concentrations were esti-
mated on the basis of optical absorbance at 230 nm with 
crystalline bovine serum albumin and ribonuclease A 
as standards. 
Molecular Weight Determinations 
Molecular weights were determined by centrifuga-
tion on sucrose density gradients and by gel filtration. 
The proteins used for standardization were the same as 
reported previously [ 1). For the sucrose density gra-
dient centrifugation studies, 4-ml or 5-ml linear gra-
dients were prepared with RNase-free sucrose solutions 
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FIG. 3. PhosphoceUulose chromatography of sulfuric 
acid extract peak B after CM-Sephadex chromatogra-
phy. The sample was applied in 330 mM ammonium 
formate (pH 5.6) and eluted with a linear gradient of 
330 rnM ammonium formate (pH 5.6) and 1 M ammo-
nium formate (pH 8.0). --, Ribonuclease activity at 
pH 8.0 in ammonium formate; ---, ribonucelase activity 
at pH 5.6 in ammonium formate. 
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of 5 and 20% in the buffer found to be optimal for each 
enzyme fraction. Freshly dialyzed ribonuclease frac-
t ions or protein standard solutions (100 JLI> were lay-
ered on top of the gradients and the tubes were centri-
fuged 20 to 24 hr at4•c and 55,000 rpm (SW 56) or49,000 
rpm (SW 50.1) in a Spinco L-65 ultracentrifuge. Stan-
dard gradients were scanned at 280 or 410 nm. Ribonu-
clease activity of the gradient fractions was assayed in 
the buffer optimal for the enzyme applied. For gel fil-
tration studies, a 22 x 0.95 em column ofSephadex G-75 
superfine was eluted with 20 mM sodium phosphate (pH 
7.15) with or without 100 mM NaCI at a flow rate of 2 
ml/hr. With Ultrogel AcA54, a column of the same 
dimensions was used with the same buffers at a flow 
rate of 10-12 ml/hr. 
Analyses of Reaction Digests 
Each r ibonuclease fraction was incubated in its opti-
mal buffer at 37•c with yeast RNA as substrate (final 
concentration = 0.40 mg/ml). Aliquots of the digest 
were removed at 0, 1, 2, 4, 6, and 22 hr, held at 1oo•c for 
5 min, and frozen immediately. The samples were sub-
sequently applied to a 14 x 0.9 em column containing 
Sephadex G-25 equilibrated with 10 mM ammonium 
bicarbonate (pH 7.8) and eluted with the same buffer at 
35 ml/hr. Absorbance at 260 nm was recorded automati-
cally. Nondigested yeast RNA and a 0.3 M KOH yeast 
RNA hydrolyzate (]8 hr, 37°C) were run as standards. 
Chromatograms of yeast RNA digestion by RNase A or 
snake venom phosphodiesterase were used as models 
for endonucleolytic and exonucleolytic hydrolysis. re-
spectively. 
RESULTS 
Fractionation and Purification 
The enzymes reported in this paper have been 
extracted from four separate preparations of 
guinea-pig epidermis (15 animals/preparation) 
and the averaged data for their purification are 
presented in Tables I and II. Fraction II (sodium 
acetate extract, CM-Sephadex chromatography) is 
the ribonuclease we have previously described !1]. 
The protein contents of the pooled, concentrated 
chromatographic fractions were at the limits of 
detection of the Lowry assay even when up to 15% 
of the total available enzyme was used. For this 
reason certain of the specific activities in Tables I 
and II must be considered approximations. 
The fractions have been stored for 6 to 12 
months at - 20°C and have been subjected to re-
TABLE I. Purification of guinea-pig epidermal ribonucleases: sodium acetate extraction 
Percent Protein Purification Step activity (mgl Units/mg x IO-• (-fold l 
recovered 
Crude homogenate 100 665 9.5 1.0 
Ammonium sulfate (20-50% precipitate) 103 258 25.2 2.6 
Affinity chromatography 132 4.6 1800 190 
CM-Sephadex chromatography 
I 8 0.84 620 65 
II 44 0.62 4500 477" 
Ill 11 ::S.008 82,500 8700 
" Ribonuclease ll can be purified further by d isc gel electrophoresis to give a purification of at least 1000-fold 
[ 1 ]. 
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peated freeze-thaw cycles. Except for fraction Ba. 
no significant losses of activity have been ob-
served. 
pH Optima 
The pH activity curves for each fraction were 
determined tn triplicate by measuring activity in 3 
buffers: Tris (pH 7-9.5) , phosphate (sodium salt) 
(pH 6-8), and either acetate (sodium salt), citrate-
phosphate, or formate (ammonium salt) (pH 4-7). 
In Table ill are recorded the pH and buffer at 
which each enzyme fraction has the highest activ-
ity. In adrution, we have recorded the buffers 
which cause depression of overall activity or shifts 
of the pH optima. Most fractions show greatest 
activity near pH 7. although the data indicate that 
there is specificity of response to various buffers. 
For example. the enzymatic fraction we have la-
beled B , has a pH optimum in Tris at 7.8. At this 
same pH the activity in phosphate is only 5% of 
that in Tris; the pH activity curve in the presence 
of phosphate peaks at pH 6.4. 
Vol. 68, No.5 
Effects ofCations 
Nuclease activity was analyzed at several con-
centrations ofEDTA and various cations. The data 
which are shown in Table IV indicate variability 
in response to the chelating agent. Five enzymes 
were not significantly affected by EDTA, (1, II, B,, 
C, D) 3 were inhibited at 10 mM EDTA (A, B2 , Ba), 
and 1 of these was also inhibited at 1 mM EDT A 
(B:~). Fraction III was activated by both EDTA 
concentrations. The enzymes which were affected 
by EDTA (Ill. A. B2 , B:1) were assayed in the 
presence of calcium, magnesium. manganese, cop-
per, and zinc. As is apparent in Figure 4, no metal 
ions were stimulatory and most were inhibitory at 
concentrations of 1 and 10 mM. 
Because of recent reports of the effects of polya-
mines on ribonuclease activity 15-71. the effect. of 
added spermidine on the several epidermal ribo-
nucleases was studied (Fig. 5). Most epidermal 
ribonucleases showed no stimulation of activity at 
low spermidine concentrations and inhibition at 
higher concentrations. Fraction III was activated 
TABLE II. Purification of guinea-pig epidermal ribonucleases: sulfuric acid extraction of sodium acetate pellet 
Percent Protein Units/mg x Purification Step activity 
recovered (mgl IQ- • (-fold) 
Crude homogenate 100 665 1.1 1.0 
Ammonium sulfate (20-50% supernatant 86 33 20 17.4 
solution) 
CM- Sephadex chromatography 
A 8 :S 0.023 ~ 2580 ~ 2255 
B 51 :S 0.3 ~ 1290 ~ 1124 
c 7 :S 0.009 ~ 6300 ~ 5502 
D 14 :S 0.012 2! 8580 ~ 7496 
Phosphocellulose chromatography of B 
B, 33 :S 0.028 ~ 8900 ~ 7800 
B2 26 :S 0.029 ~ 6900 ~ 6023 
Ba 13 :S 0.020 ~ 5000 ~ 4370 
TABLE III. pH Optima and buffer effects 
Fraction 
RelativP activities 
pH Optimum Buffer" Peak shift t 
TIP CP/P 
I 7.0 p 0.611 none 
II 6.8 p 0.8' 7.3 (Tl 
m 7.5 p 1.0' 7.8 (T ) 
A 5.6 CP O" O" 7.0 (T) 
B, 7.8 T 1.2' 0.8'' 6.4 (P, CP) 
B2 6.8 p 0.7' 0.9' 7.8 (1'), 6.4 (CP) 
B3 5.8 F o• 0'' none 
c 6.9 P.CP 0 "b .o 1.0' none 
D 7.0 T 2.0b 1.711 none 
0 P = 0.1 M sodium phosphate; CP = 0.1 M citrate-phosphate; T = 0.1 M Tris-HCl: F = 0.1 M ammonium formate. 
b No peak of activity was observed in the non-optimal buffer. The buffer activity ratio therefore is the ratio of the 
activities in the 2 buffers at the pH optimum. 
' Peaks of activity were noted in both buffers. The buffer activity ratio therefore is the ratio of the activities at 
the 2 peak pHs. 
d CPrr = 1.7' . 
• No activity in P , CP, or T. 
1 In the buffer listed the peak of activity was displaced to the value noted. This displacement may or may not 
have been accompanied by a lowering of the peak height. 
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TABLE IV. Characteristics of guinea-pig epidermal ribonucleases 
Property 
Enzyme 
Il m A B, B, B3 c D 
Response to EDTA:" I mM jlO 0 j 50 j 4 0 j4 H4 flO 0 
10 mM i 5 0 i 65 !SO l7 !SO !98 ! 20 Q 
Phosphodiesterase activity 
Phosphatase activity + 
DNAse activity + 
Mode hydrolysis1' exo > endo en do en do exo endo0 endo endor en do endor 
Molecular weight 35,000 36,500 17,500 27,000 34,000 35,000 22,000 10.000 
a Values indica led are percentage increases ( j) or decreases ( ! ) from control assays performed in the absence of 
EDTA. 
b exo "' exonuclease, endo = endonuclease. 
c These fractions have small amounts of exonucleolytic activity present. 
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FIG. 4. Effect of added cations on the activity of 
several epidermal ribonucleases. In the top panel , cat-
ion concentration = 1 mM; in the bottom panel. 10 mM. 
Percent inhibition less than zero represents activation. 
7-fold by spermidine, while fractions C and D 
showed less activation. 
Substrate Specificity (Tables IV. V) 
None of the fractions demonstrated any activity 
towards the phosphodiesterase substrate di-p-ni-
l.rophenylphosphate under any of the conditions 
used. p -Nitrophenylphosphate. a phosphatase sub-
strate, was hydrolyzed only by fraction I , the least 
purified of all the fractions we have studied. The 
rate of this reaction was equivalent to that pro-
duced by 32 JLg/ml of Escherichia coli alkaline 
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FIG. 5. Effect of spermidine on the activity of epider· 
mal ribonucleases. The data for ribonucleases I, II , A . 
B,, B~. and B:t were essentially equivalent and are 
presented as e--•. 0--0 = ill; 0 --0 = C; • -- • 
=D. 
phosphatase, hence, as much as 60% of the protein 
of fraction I might be a n epidermal alkaline phos-
phatase. DNA hydrolytic activity was found only 
in fraction B:l· The rate of RNA hydrolysis by this 
fraction was 50 times greater than the rate of DNA 
hydrolysis under conditions maximal for RNA hy-
drolysis, although no attempt at maximization of 
the DNase activity of fraction B:1 has been made. It 
is unclear at this time whether the DNA hydrolyz-
ing activity r epresents a separate enzyme or 
whether Ba is a nuclease attacking both RNA and 
DNA substrates. 
Specificity of the various fractions towards poly-
ribonucleotides was investigated both with unla-
beled substrates at 500 JLglml (OD 260 assay) and 
with 3H substrates at 5-16 JLgfml (radioactive as-
say), a substrate concentration nearer that used in 
studying the other enzymatic properties of these 
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ribonucleases (Tab. V). At the higher concentra-
tion, yeast RNA and polyuridylate were hydro-
lyzed by all fractions, although at varying rates 
and occasionally with a lag of about 30 min. Poly-
cytidylate was poorly hydrolyzed by all fractions 
except II. Pronounced lag kinetics were exhibited 
towards this substrate by I , ID, B2 , and B:1• while 
A, C, and D exhibited no hydrolysis after 2 hr. 
Slow hydrolysis of polycytidylate without a lag 
occurred ·with B 1• A and B~ hydrolyzed polyaden-
ylate. Polyguanylate appeared to be minimally 
digested by C and B2 • With the radioactive assay 
(lower concentration), hydrolysis of polycytidylate 
was observed with all fractions. although usually 
at a rate distinctly lower than that observed when 
polyuridylic acid was the substrate. At the lower 
concentration some hydrolysis of polyadenylate 
was noted in 6 of the 9 fractions. although the 
hydrolysis by A and B~ was significantly higher 
than that by other active fractions. 
Mode of Hydrolysis 
Sephadex Q..25 analysis of digests of yeast RNA 
(Materials and Methods) indicates that 7 of the 9 
enzymatic fractions digest the substrate by endo-
nucleolytic attack (Tab. IV). Fraction A is an exo-
nuclease. Fraction I contains both exonuclease 
and endonuclease activity with the former pre-
dominating. Fractions B~. B:11 and D. although 
reacting predominantly as endonucleases. have 
small amounts of exonucleolytic activity. Distinct 
differences were apparent among several of the 
fractions with respect to the size of the reaction 
products. The oligonucleotides produced by the ac-
tions of fractions III and B2 were larger than those 
produced by the other endonucleases. 
Molecular Weights 
The molecular weights of 8 of the 9 enzymes as 
determined by sucrose density centrifugation are 
Vol. 68. No . 5 
also listed in Table IV. The instability of fraction 
Ba made it impossible for us to determine an accu-
rate molecular weight. The molecular weight for 
fraction m deserves special attention. Repeatedly 
no enzymatic activity could be recovered when this 
enzyme was subjected to gel filtration on Sephadex 
G-75 or U1trogel AcA54 or to centrifugation on 
sucrose gradients, even when the effluent was col-
lected into bovine serum albumin. When 0.3 mM 
spermidine was included in the buffer, 88% of the 
applied activity was recovered at a peak position 
corresponding to a molecular weight of 17,500. 
DISCVSSlON 
Mammalian epidermis is a stratified organ with 
cells which normally progress from the basal layer 
to the stratum corneum. The basal layer contains 
the stem cell population. nucleated and rapidly 
dividing; the stratum corneum consists of an anu-
cleate, nonviable sheet from which cells are lost to 
the environment. Between these two layers are 
the malpighian and granular layers. As cells pass 
from one layer to the next. they go through the 
maturation process which in epidermis may be 
considered programmed cell death. The subcellu-
lar organelles such as nuclei, mitochondria. and 
ribosomes are degraded and the nucleic acids orig-
inally present in the basal cells are hydrolyzed to 
oligonucleotides. In normal epidermis there must 
be very specific. finely tuned control mechanisms 
to effect these degradativc steps. Among the sev-
. eral possibilities by which such control could be 
achieved are the existence of different nucleases at 
different levels of the epidemus. the activation of 
existing nucleases. and the release from inhibi tion 
of complexed or compartmentalized nucleases. 
We have previously described the major sol uble 
ribonuclease of guinea-pig epidermis 11]. This en-
zyme was obtained by extraction in dilute sodium 
acetate. During ion exchange chromatography of 
TABLE V. Hydrolysis of polyribonucleotide substrates 
Normalized• percent hydrolysis/hr 
Ribonuclease 500 iJ.g/ml substrateb 5-16 iJ.g/mJ s ubs trate• 
v c A G u c A 
I ] 75 150" 0 0 360 171" 42' 
II 64 200 0 0 372 572 0 
Ill 93" IO(Y' 0 0 1555 755 5 
illrl 719 751 6 
A 51' 0 49 0 1000 167'' 542 
B l 42 16 0 0 957 557 0 
B2 100 143'' 0 14 300 65 0 
Ba 300 167<' 222 0 1500<r 1100 6600 
c 325' 0 0 12 508 146 34 
D 725 0 0 0 1210 9<r 11 
• The initial rates of hydrolysis have been normalized to a value of 100 for yeast RNA (500 ,.,..g/ml substrate) or 
Ehrlich ascites tumor RNA (5-16 ,.,..gtml substrate). 
b U = polyuridylate, C = polycytidylate, A = polyadenylate, and G = polyguanylate. 
< These assays exhibited lag kinetics, hence the hydrolysis rates are approximations. 
" Assays conducted in the presence of 0.3 mM spermidine. 
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the partially purified acetate extract, we noted the 
presence of two other fractions which hydrolyzed 
RNA. When the material not solubilized during 
sodium acetate homogenization was reextracted 
with dilute sulfuric acid, additional, substantial 
amounts of ribonuclease activity were released. 
The activity in the sulfuric acid extract fraction-
ated differently with ammonium sulfate than did 
the sodium acetate-solubilized materiaL We have 
now extensively purified 6 ribonucleases from the 
sulfuric acid extract in addition to the 2 acetate-
soluble enzymes which were not previously stud-
ied. We thus have evidence that there are at least 
9 chromatographically separable nucleases in 
guinea-pig epidermis. Analyses of the pH optima, 
responses to ionic environment. substrate specific-
ities, modes of hydrolysis, and molecular weights 
of the fractions indicate that they are different 
enzymes. 
Heterogeneity of ribonucleases has been re-
ported previously 18-11). Roth described 7 RNA 
degradative enzymes, including 2 phosphodiester-
ases and 1 nuclease, as relatively well character-
ized from rat liver [8}. These enzymes varied in 
their subcellular localization. pH optima, response 
to metal ions and heat, and mode of enzymatic 
attack. In extracts of porcine pancreatic juice at 
least 8 ribonuclease fractions were partially sepa-
rable by ion exchange chromatography and elec-
trophoresis 19"1. In this instance, though, the frac-
tions did not vary in their ami no acid composition 
or their enzymatic properties, but they did vary in 
their carbohydrate content and, consequently , 
their molecular weights. 
Many RNase isolation procedures have involved 
prolonged exposure (24-48 hr) to acid conditions 
which could degrade polysaccharide side chains 
and produce artifactual h eterogeneity l9,12-14]. 
Epidermal ribonucleases A, B. C, and D were 
released from the sodium acetate pellet after com-
paratively brief exposure to sulfuric acid (1 hr). 
Since subsequent fractionation depended on elu-
tion from ion exchange resins, differences in car-
bohydrate content could account for some of the 
heterogeneity we have reported [91. This is espe-
cially true for fractions B1 and B~ which did not 
separate well on phosphocellulose and which have 
certain similari ties in their pH activity profiJes. 
Since the other fractions displayed markedly dif-
ferent properties with respect to a variety of char-
acteristics, as noted above, we do not believe that 
the heterogeneity of epidermal ribonucleases can 
be attributed only to differences in carbohydrate 
content. Direct evidence regarding this question is 
not available since the yields of the fractions are 
too low to permit direct analysis of either carbohy-
drate content or amino acid composition. 
Acid exposure of rat liver supernatant solution 
releases a latent ribonuclease from its complex 
with an inhibitor 115,16]. Similar inhibitor-bound 
enzymes may be present in epidermis and they 
may have been activated during the acid extrac-
tion that we used. Such epidermal enzymes would 
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not be equivalent to the liver nucleases, however, 
since the former were obtained from the particu-
late fraction . The two epidermal enzymes (A and 
Ba) which have acid pH optima are probably of 
lysosomal origin 1"8,16]. 
Since fractions I , ll, and ill were extracted with 
sodium acetate and were never exposed to a pH 
lower than 3.4, experimentally induced alterations 
in carbohydrate side chains cannot account for the 
differences we have noted. Fraction I contains 
both exonuclease and phosphatase activities and 
has not yet been adequately purified. Fractions IT 
and Ill are both endonucleases which differ in 
their pH optima, their responses to spermidine 
and EDT A, their substrate specificity, and their 
molecular weights. It should be noted that the 
molecular weight listed for ll in Table IV is higher 
than that we have previously reported fl). We 
believe the apparent molecular weight of 36,500 to 
be correct; that described previously was due to 
binding of the enzyme to the standard proteins 
chromatographed or centrifuged simultaneously 
(unpublished data). 
Several recent reports have shown that polya-
mines. especially spermidine, can enhance the ac-
tivity of ribonucleases of both microbial and mam-
malian origin f5-7]. The polyarnines also can af-
fect residue specificity, al ter the apparent molecu-
lar weight of the enzyme. and reverse the competi-
tive inhibition caused by polyguanylic or polyade-
nylic acids 16.7.17,18]. The latter property has led 
to an interesting hypothesis that the stability of 
eukaryotic mRNA may be due to the formation of 
an inhibitor complex between ribonuclease and 
the terminal poly A segment present on most 
mRNAs f5} . Destruction of the messenger would 
occur when the cellular polyamine concentration 
reached a level at which it adequately competed 
for binding to the nuclease. We examined the ef-
fect of spermidine at concentrations ofO. l to 10 mM 
on the activities of the purified epidermal ribonu-
cleases and found that enzymatic activity was en-
hanced in fractions ill. C. and D. The remaining 6 
ribonucleases were inhibited by all polyamine con-
centrations tested. indicating that spermidine ac-
tivation ofribonucleases is not a general phenome-
non. As noted above. we also found that t he stabil-
ity or state of aggregation of guinea-pig epidermal 
RNase ill during centrifugation was dramatically 
altered in the presence of spermidine and that 
there was a major shift in the pattern of polyribo-
nucleotide hydrolysis. 
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